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Abstract: Soil nitrogen-fixing microorganisms are one of the most important functional microorganisms; however, their

relationship with plant communities and soil conditions is poorly understood. In the present study, three typical karst regions
(Huanjiang, Du’an, and Dahua) were selected and quadrats were established in typical vegetation types ( grassland,
scrubland, and secondary forest). A total of 27 quadrats (3 replicates for each vegetation type) were established and the
size of each quadrat was 20 m X 30 m. The composition and structure of plant communities were studied by vegetation
surveys, soil properties were determined, and the structure and composition of soil nitrogen-fixing microorganisms were
analyzed by building clone libraries and sequencing. Following that, the relationships between nitrogen-fixing microbial
communities, plant communities, and soil conditions were explored. Principal coordinates analysis indicated that the
composition and structure of the plant communities were obviously different between vegetation types. Comparing plant
communities among the three regions, the Du’an and Dahua regions were found to have similar plant composition and
structure. Soil properties also differed between vegetation types and regions. Total carbon, total nitrogen, and available Fe,

Ca, and Mg were affected by vegetation type and region, while available K was mainly affected by vegetation type and pH,
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and available P was mainly affected by region. BLAST results indicated that the predominant nitrogen-fixing microbial
species in our study area belonged to the genus Bradyrhizobium. The composition of nitrogen-fixing microbial communities
varied across both vegetation types and regions. There were only nine shared operational taxonomic units ( OTUs) among the
three regions, and only eleven shared OTUs in the three vegetation types. The number of shared OTUs between the Du’an
and Dahua regions was 39, which was much higher than that of the Huanjiang region. This indicated that the composition
and structure of plant communities were similar to each other, as were the composition and structure of the soil nitrogen-
fixing microbial communities. Mantel correlation analysis also showed that soil nitrogen-fixing microbial communities and
plant communities were significantly correlated (r = 0.6116, P = 0.011). From the canonical correspondence analysis,
the cumulative explanation of the first two axes was only 22.72% , which could not fully explain the variation in the nitrogen-
fixing microbial communities. Total nitrogen, available potassium, and available calcium had a significant effect on the
nitrogen-fixing microbial communities. This suggests that further research is required to determine additional soil properties.
In conclusion, soil nitrogen-fixing microbial communities, plant communities, and soil conditions were mutually affected by
each other. Therefore, during the process of karst ecological restoration and reconstruction, it is important that both the

aboveground vegetation and the belowground functional microbial communities are given equal attention.

Key Words: nitrogen-fixing microbial community; nifH gene; re—vegetation arst
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BRI L KA W] [ AU A RS R 25 5 4 2 b R 5 =X AT ) | S 3 e o
(4 pH SOC TN ) 45 X 28 B2 ], A4 30t o SR0NE 2 fef - 98 [ U E i 5 40 0 e, R T el 2 HL 2 et R
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HRA S LB =HFS RACELAFFSEAETT (B S R PR R DT & 3 D) &7
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SEYIFI A MR B X TREAR S ie kYR 44 AR B Fig.1 The location of study area
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9.6 ﬁmﬂﬁmﬂ{wukw\m T 8, @‘ TERE SO B T THH

R TEGETHRITT 22 93T 7E Excel 2010 A1 SPSS 18.0 HAFHaEAT, KA Canoco 5 B H 9 F= A AR o M ik
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LR TE AR 2 VAL T ( Platycarya strobilacea) 94 Fig.2 PcoA analysis of plant community composition and
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Table 1 The dominant species of each plot

I—|GL1:31.43%;GL2:25%;GL3:22% |

b T |23/ ATl
Site Vegetation type Layer Dominant species
T A GL AR H A5 (131.43% ,GL1:25% ,G1.2:22% , GL3)
M\ SL HAZ S PUkFiEERA (14.75%, SLI) A (22.17%, SL2; 14.09%, SL3)
FOARJEH R 5% (20.78%, SL1Y MU (12.97%, SL2) , i 45+ ([19.21%, SL3)
W ST FiARJE A 93z 4 (40.81% . SFIY , # K45 (22.09% , SF2) , 1K (68.47%, SF3)
WAIZ S Hfi R (b.49% . ST 2k (12.77%, SF2) , ik (48.91%, SF3)
- BRI (8.89%. SFI)| % 25 #5[(8.39%, SFI) , % 0Hakifi 5¢[(6.01%, SF2] , Hlfit e
RRRH (17.43%, SF3) , #A (17.34%, SF3)
% O\ GL B H H (GL1:28% 1 G12:41% 5 GL3:50% ) ~—_0ooooo
W SL HEARZES L1395 LLRRAT (SL1:27% ;S12:27% ;SL3:28% ) , K B3 S (SL1:24% ) 0o0oo
FAZEH BB T (SL1:13%) , BIE(SL2:14%) , 284 (SL3:31%)
WM SF TeARJE A B (SF1:13%) , 35 XIBR(SF2:23%) , % A (SF2:23%)
HEARES LI ILERAT (SF1:7%) , FUR Pk (SF1:6% ;SF2:10% ) , JH4HE (SF3:7%)
FAZEH AIEE(SFL1:19%) , 4T (SF2:16% ) , B HE(SF3:9%)
Ktk HM GL BAZE H MIZEAT (GL3:19%;G12:13%) , L (GL1:15% ;GL2:13% ;) , 2~ & H (GL1:18%)
W\ SL HEAE S — MR (SL1:15%;S1.2:22%) , ) PE# AR (SL3:15%)
HAJZE H FEAT(SL1:22%) , B HR(SL2:14%) ; LA (SL3:11%)
AR SF FeARE A b7 (SF1:30% ;SF2:11%) ,BAFF (SF3:15%)
HEARZ S JPYE AR (SF1:16% ;SF3:20% ) , £L 75 ILUFRFT (SF2:7%)
FAZEH % (SF1:13% ;SF2:15% ;SF3:29%)

FES R AE A FE DT R EH. GL: grassland; SL: scrubland; SF: secondary forest. H: herbaceous; S: shrub; A: arborous; 41l it B
(Jasminum elongatum) , FANF ( Ficus erecta) , 122K ( Gomphandra tetrandra) , %5 FK I 3 ( Begonia purpureofolia ) , #1244 T ( Rubus alceifolius) ,
BB ( Cyclosorus interruptus ) , % S8 %5 ( Cayratia japonica) , F ¥ 1 Bk ( Syzygium championii) , 98 %% B ( Bauhinia hypochrysa) , B 1T ( Indocalamus
tessellatus) ,WIZEAT ( Microstegium ciliatum) , >= 75 B ( Caryopteris incana) ,— W 3K ( Flueggea suffruticosa) , %217 ( Rhapis excelsa) , B % ( Cinnamomum

burmannii )

2.2 MURUAS B 2 R A 38 4 A AR

5T XS - e TPk £ pH AT 6.4—7.8 2Z[1] Bl A 4 D\ B DA ) R A R T AR | - B8R AR
Bz kA TR R b R R N BRI (3R 2) . T2 AR R C LB N ARG Fe Mg,
Ca 4132 FEL A IS R Rl B X el 4 3 [R5 i, ELARL B 5 M B X S AR S LRGN (6 3) . Hib  BIEARCE K £ 5
ZAAEAI S (F=7.71,P=0.004) , # 3 X 5l 6 H TG b 2 5200 (£ =0.05,P=0.95) ;11 3 pH ARES P
Fo 7 P X I S (F=4.08,P=0.035; F=4.51,P=0.026) , [H A g 25 B0} H G W 540 (F =2.29, P =
0.13;F=0.87,P=0.435) ,

F2 BFEFHIEBEUER
Table 2 Soil properties of each plot

Hh s e §58T3 A AREEE AREER O ARESE ARG AR
Site Vegetation type pH Total carbon Total nitrogen Available P Available K Available Fe Available Ca  Available Mg
HR A H GL 6.87 33.14 2.62 A 2.12 68.61 56.13 3.88 0.08
HEM SL 7.10 86.71 6.51 6.15 92.17 46.25 6.99 0.26
KA SF 7.26 74.96 5.54 3.76 80.74 50.64 7.52 0.34
N4 B\ GL 6.43 46.19 2.71 8.31 31.27 119.11 3.01 0.11
HEM SL 7.42 121.69 7.75 7.45 124.73 39.13 9.47 0.40
WA SF 7.26 100.30 6.65 7.61 80.16 50.11 9.16 0.23
L F GL 7.77 108.98 4.08 7.39 87.00 47.43 5.13 2.00
HEM SL, 7.68 90.43 4.20 7.26 102.78 53.74 4.89 2.17
WM SF 7.02 58.53 4.25 4.50 57.67 57.52 4.09 0.92

00000000000000000
htp://www.ecplot OO gkg DO OO0 D000
000000000 mglkg
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F3 EFERIM AN T RN R
Table 3 Two-way ANOVA table for the effect of sites and vegetation type on soil properties
FRL SR MA AREH ARSH AREE ANESH AR

Main effects pH Totalcarbon ~ Total nitrogen ~Available P Available K Available Fe Available Ca  Available Mg
Hb A5 Site ¥hH 057 1579.32 5.25 32.89 31.90 926.58 14.26 6.39

F 4.08 6.58 7.51 4.51 0.05 4.42 7.98 227.45

P 0.035 0.007 0.004 0.026 0.950 0.028 0.003 0.000
FE B W 032 3085.77 22.55 6.35 4809.51 1915.63 27.33 0.45
Vegetation type F 2.29 12.86 32.23 0.87 7.71 9.13 15.30 16.02

P 0.130 0.000 0.000 0.435 0.004 0.002 0.000 0.000
b 5B B A ¥y 057 2894.93 5.41 7.29 1866.85 1937.56 12.50 0.52
SiteXvegetation type F 4.04 12.06 7.74 1.00 2.99 9.23 7.00 18.38

P 0.016 0.000 0.001 0.433 0.047 0.000 0.001 0.000

2.3 SLAIRE RIS R YRS 2

P T 4% 5 A ST 14 B 50 ERH 22 35K, DRI DA R A e B S P BEATL PRI 70 AN 3B - (3 AN, FRIIE
=S DX A SR 1) e B RS SR A AR IR] (29 200 4> o B o B SR I B i E YRR 60% , 3R W e R SO
REAEIEAR 2 X Sl i) 18 [ S E D BEVE 1 26 . TE GenBank 48 12 vh X6 7 41 47 LR, & 0 4 4 v
14 I A R A 0 Mo 1 A AR TR T

F5 18 93% 7 S AR IR 43 OTU , M40 Bray—curtis $8 80500 25, 45 B AR IR B AT BEVE S5 M0 22 5 0
Bro B Venn IR UL(E3) ,3 b IX AT /) OTUs B H AL 9 4>, Horp AR 4e  KAL ML IX AL 19 OTUs 2 H A
39, M #RZE FIIARTT.  KALFIFRYTZ [ 365 [ OTUs 20 H 43 310 19 21 A4, FRIAER L KAk M X 9 + 38 [ A k-
VIR AL AR, ph ST UL, R R 05 5 M SRR, - S A R P AL, Mantel AH 5GP 23 A7 2E—
A F WYY 5 B A YT A (r=0.6116,P=0.011) . [AlREHD S [R5 80 T 98 8 AU A
YR bR A T IR A AR Ak, FEh N S A HE NS R AR AR A S A MR 1 OTUs 0H 43312 30,31,
19 A, X W . Wl 25 AR A 00 1 1) 3R, - S 1 SRUB 2k O R I A O A AR 3

/XN [N

3 BEERMEMHEEERSW
Fig.3 The variance analysis of nitrogen-fixing microbial community
DA #R% 5 DH: RALEL ;HI FRYTEL ; GL: B SL M ; SF . A

H1 1l 4 1T UL, CCA 3BT Bl A i e 36 22 RMNAY 22.72% , 3X e AR 9 o 1) - HERR AL M T HE A 0 F A g
ARG 1) A R 8 SRS E R v A A e . FLEVRL A RS T A RS A 0] [ R L E I R 35 (P<0.05) o
PR, 398 [ U WU RE VR S ARV 5 AR R SR [R5
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3 it o A

ARICR I SERESC IR B 5 0 WFSE T XN AN []

N C
MR TR E R BUE YRS 25 . nifH FE R
FE[E BRI marker FEH B RFE LT 0TS 168 cac PH Mg

PDNA HE [ 25 i — 0, 003 R T304 B AU ) 2 R
PERRIFZE 2] % 16S tDNA B[/, — 50K 15 51 AH D
PE>97%IH S5 —A~ OTU (Fir) |, i ok T3 52 JR o 4 ab AT

Hh 2 Axis 2 (9%)

G b, A I9BFIEEM 165 DNA 25 19)F A
GIAHRIE > 97% , Fo nifH JE PR 50 FH 0L 1 AT BEAR T
95% , - MK E 85% , M nifH FLH 51 H B Ak B ) Fh
SREVE JF RS R W P R E it ke ‘ ‘ m
P ORI (9 B 58 2 48 A SR R [ B R 50 ML b W1 Axis 1 (14%)
(93%—97% ) kX5 OTU, AL S Hsu & N5, Hd4 ERMEMEESHEEEMREG CCA S
¥ 93% 1 F 5 AR B R Sk &) 4 OTU 3 #E 47 J5 42 % Fig.4 CCA analysis of diazotroph ¢gmmunityand soil properties
e Ol WSk I SRR H IR T (R | = AT R A Bk
DA AT , 46 T [ S0 M0k v ek ot e g 79 _
e - oy |0 O communities |
iR 7 2 R 2 A e PRV R I [ U

AR S R AGRERO I Be0 2  Tai 5 BFSC R/ 4 5 MV AR 1898 5 2 R
LB A R A7 3502 5, o T LT UM 0 T 5 B T RV B DR A M UK
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